DNA has the genetic information storage and transmission capacity according to the sequential order of the monomer and creates a central role in the chemical evolution by copying itself with the proliferation feature. WatsonCrick base pairs define two base pairs with hydrogen bonds. If metal coordination bonds replace hydrogen bonds more stable alternative metallo-DNA sequence can be established. If the replication feature can be obtained for the metallo-DNA, this will greatly benefit the creation of DNA computer keys. In this study, a new type of benzimidazole based metallo-DNA sensors consisting of a connector unit that unsaturated azinil bridge linked to Watson-Crick base pairs with Ni 2+ , Hg 2+ , Zn 2+ , Ag + , Pt 2+ , Pd 2+ metal cations and a benzimidazole has been designed. Absorption and emission spectrum of the newly designed aqua medium based fluorophore and their metallo-DNA sensors with selected cations have been theoretically investigated by using DFT method. The logic gates of selected possible sensors which response in the visible region have also been examined in detail in acidic and water phase. As a result of calculated absorption-emission spectrum data show that T-Hg-A-Bnz,
Introduction
Today, development of biomolecular structures is generally based on supramolecules that include non-covalent interactions, such as hydrogen bonds, hydrophobic effects and metal coordination bonds [1] [2] [3] [4] . Without a F. Sevin et al. doubt, the most basic structures in origins of the chemical evolution are the nucleic acids. The most basic indicators that allow storing, transferring and copying of the genetic information within these nuclear acids are hydrogen bonded Watson-Crick base pairs. Having metal coordination bonds instead of hydrogen bonds presents alternative and completely different base pairs [5] [6] [7] . As known, the event of binding a metal ion to a molecule affects the characteristics of UV-visible spectrum of molecule. Fluorescence technics are also good tool to identify biomolecular interactions and uses widely in many research. For these technics, some fluorophores have been used to analyze cations and anions that can be found in the nature. Among various fluorophores, benzimidazole has drawn attention due to its optical properties and high stability. Benzimidazole ring is a very good type of fluorophore as it can produce "scorpion type" complexes [8] .
Theoretically suggested one dimensional TMn (benzimidazole) n+1 (TM = Sc, Ti, V, Cr, Mn) system's electronic and magnetic characteristics were investigated with DFT method [9] . It was detected that benzimidazole can be stable while also retaining the helix and one-dimensional characteristics of the DNA with the Ti, V and Cr transition atoms. Experimentally [10] and theoretically [11] studies were established about structural-electronic characteristics and UV absorption spectrums of the Thymine-Hg 2+ -Thymine base pair (T-Hg-T), which is a mercury (II) linked metallo-DNA complex. In the experimental study, the stability of the thymine pair with the mercury ion was determined in various temperatures and pH's and it was seen that its maximum absorption was at 260
nm. In the theoretic study, the base pairs and dimers that thymine and its derivatives of cis and trans form with the mercury ion were calculated with the TD-B3LYP and TD-PCM-B3LYP methods, it was determined that maximum absorption occurs in values that are closer to red, which is to say 263 nm in solvent phase and 276 nm in gas phase.
Takezawa and Shionoya presented an abstract about the chemistry of metal-linked base pairs which includes primary approaches to the DNA based molecular systems, molecular designs,structures, characteristics and their applications in their research [12] . One of the examples that were provided Cu 2+ linked hydroxipyron base pair. The H-Cu 2+ -H base pair has a square planar characteristic while H defines a nucleoacid that carries a hydroxipyron. The most distinctive characteristic of the metallo-base pairs added to the DNA is their potential to increase the duplex stability. As expected, metal coordination bond energies are two or three times greater than the hydrogen bonds. and possible logic gates have been suggested. As it can be seen on Figure 1 and To explain the structural and electronic characteristics of these sensors in different media, their energies, absorption and emission spectrums, energy 
Method
In this study, all the calculations have been performed with Gaussian 09W [17] and GaussView 5.0.8 molecular modeling software [18] . The methods used in the calculation of the organometallic compounds with mercury in the literature have been chosen [19] [20] [21] . It is especially known, M06 is one of the best functional for the study of organometallic and inorganomatellic thermochemistry and noncovalent interactions. In the frame of these informationsM06 (Hybrid meta exchange-correlation functionals) [22] , B3LYP (Becke, three-parameter, Lee-Yang-Parr) [23] , PBE0 (Perdew, Burke and Ernzerhof) [24] methods and the double-zeta pseudo-potential LandL2DZ [25] basis set has been selected for geometry optimization and evaluate the absorption and emission spectroscopy. 
Results and Discussion
Investigation of the DNA bases and their structures with metal and benzimidazole has been divided into two categories as T-A, A-T, C-G and G-C base combinations. All calculations have been conducted in the water phase.
Formation energies, frontier molecular orbital band gaps have been calculated and studies particularly have focused on the photophysical properties.
Properties of Designed T-T and T-A and T-A Base Pairs and Their Benzimidazole Base Pairs with and without Metal Cations
In the first stage, the complexation energies of T-T, T-A and A-T base pairs with metal cations have been calculated and obtained results given in Table 1 . Also, total energies and entaphy have been demonstrated in Tables S2-S4 .
Complexation energies of benzimidazole (Bnz) based T-T,T-A and A-T base
pairs with metal cations have been calculated and results given in the same table.
As can be seen from the Table 3 . Maximum absorption/emission wavelength (nm) and differences between them of the designed T-T, T-A, A-T pairs and their Bnz complexes. 
T-T → T-Hg-T T-T → T-Zn-T T-T → T-Ag-T T-T → T-Ni-T T-T → T-Pd-T T-T → T-Pt-T T-A-Bnz → T-Hg-A-Bnz
T-A-Bnz → T-Zn-A-Bnz T-A-Bnz → T-Ag-A-Bnz T-A-Bnz → T-Ni-A-Bnz T-A-Bnz → T-Pd-A-Bnz T-A-Bnz → T-Pt-A-T-A → T-Hg-A T-A → T-Zn-A T-A → T-Ag-A T-A → T-Ni-A T-A → T-Pd-A T-A → T-Pt-A A-T-Bnz → A-Hg-T-Bnz A-T-Bnz → A-Zn-T-Bnz A-T-Bnz → A-Ag-T-Bnz A-T-Bnz → A-Ni-T-Bnz A-T-Bnz → A-Pd-T-Bnz A-T-Bnz → A-Pt-T-Bnz
Properties of Designed C-G and G-C Base Pairs and Their Benzimidazole Base Pairs with and without Metal Cations
As in the previous section, complexation energies, band gaps and spectral properties of the targeted structures has been studied in this part, too. Table 4 displays complexation energies of C-G and C-C base pairs and their combinations with benzimidazole and selected cations. shows that except for A-T-Bnz base pair which prefers Hg 2+ cation, other benzimidazole based DNA base pairs primarily prefer Ni 2+ cation. Also, the HOMO-LUMO band gaps of the molecules can be seen in Table 5 . It is observed from The absorption and emission spectrum has been studied and results of the complexes have been formed by C-G, C-G and C-C bases and benzimidazole based pairs with metals have been given in Table 6 .
Calculations show that the complexation of C-G and C-C occurs easily with Ni 2+ like T-T and A-T ba-ses. The metal cation sequence for C-G is
According to Table 6 , maximum absorption and emission wavelength values have been calculated for the Pt 2+ cation, which is the most probable cation for Base pairs that show whatsoever colour change has been determined as in the previous section. Colour changes of the base pairs depending on before and after radiation has been presented in Table S9 . Red coloured C-Hg-C, C-Ag-C and Bnz pairs have disappeared colour. A similar situation has occurred in blue coloured C-Pt-G and violet coloured C-Ni-C base Table 6 . Maximum absorption/emission wavelength (nm) and differences between them of the designed C-G, G-C, C-Cpairs and their Bnz complexes. 
Logic Gates
The most probable DNA base pairs with and without metal cations that could be demonstrate Stokes shift has been selected for logic gate calculations. Acidic media effect is included by the protonation of the nitrogen atom on benzimidazole fragment. For this purpose, a proton has been linked to the nitrogen atom of benzimidazole and calculated their absorption and emission spectrums aqueous phase. The results of the selected T-Zn-T, T-Hg-A, A-Ni-T, C-Pt-G, G-Pt-C and C-Ni-C base pairs have been given in the Table 7 and Table 8 .
Examination of the tables show that T-Hg-A, A-Ni-T, C-Pt-G, C-Ni-C base pairs represents an OR logic gate, while T-Zn-T, G-Pt-C produces AND gate and XOR gate, respectively. In the AND gate for T-Zn-T pair, fluorescence takes 
Conclusion
In this study, we have theoretically studied complexation energies, their band gap and electronic absorption-emission spectral behaviors of targeted DNA base pairs in the water phase. In order to determine the appropriate method for UV-vis absorption wavelength maxima of pairs, it has been calculated with three different functionals and compared with the experimental data and each other. Supplementary Tables   Table S1. HOMO-LUMO molecular orbital energies and complexation energies in eV for T-Hg-T, calculated with MO6, B3LYP and PBE0 method (Kcal/mol). 
